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Abstract. Farm animal welfare assessment is an important issue more than two decades in the world, 
and last years in Serbia. Although based on the same principles as in terrestrial animals on-farm fish 
welfare assessment is more complex. The most used and best defined assessment methods are  
established for Atlantic salmon, while their development for other economically important species and 
different rearing systems is still in progress. In this paper, some aspects of common carp welfare in 
tanks of recirculation aquaculture system (RAS) are discussed. Furthermore, possibilities for its 
assessment by scoring method based on the values of selected environmental, production and health 
parameters are presented. 
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INTRODUCTION 
 
Fish welfare issue has a growing importance in the world for more than two decades 
along with the increase in production and improvement of technologies in aquaculture. The 
need for on-farm welfare assessment is imposed as a result of findings on the impact of 
rearing conditions on fish health, production results and quality of meat (Poli, 2009; Relić et 
al., 2010).  
The existence of welfare standards facilitates development of the welfare assessment 
methods, as is described by Relic et al. (2010a). Detailed standards exist for the Atlantic 
salmon (RSPCA, 2010), while general recommendations for farmed fish are given by the 
Council of Europe (2005). Fish welfare in farm rearing, transport, slaughter and laboratory 
use is also the subject of the leading world organizations’ publications, e.g. FAO, WTO, OIE, 
The Codex Alimentarius, WVA, WSPA etc. (Anon., 2006; Johansen et al., 2005). Rearing 
conditions for some commercial species, including common carp (Cyprinus carpio), are 
discussed by EFSA (2009).  
The results of welfare assessment should demonstrate to what extent the animals are 
adapted to the rearing conditions in a production system, as well as how conditions in the 
production system meet the needs of cultivated species (Broom, 1996; EFSA, 2008; Lembo 
and Zupa, 2010). Assessment of farmed fish welfare has been founded on the same principles 
as in terrestrial farm animals. Several scoring methods based on some of integrative numerical 
systems or HACCP principles exist. Basically, the values of the relevant indicators have to be 
collected, entered into the appropriate checklist, and then converted into numbers. For this 
purpose, indicators’ values easy to determine in practical conditions are used (Bracke et al., 
1999). An appropriate combination of the welfare measures is specific to a given situation 
(Ashley, 2007). 
Considering impact of certain water properties on fish organism, monitoring of the 
water quality is necessary in all so far proposed assessment methods along with other 
parameters. Welfare indicators of farmed fish include “fin damage, other injuries, growth rate, 
expressed behavior, overall health and the water quality” (Lembo and Zupa, 2010). 
Practically, the results of behavioral studies and physical and physiological parameters 
examination are combined with data on the quality of the fish environment, as is in salmon 
applied by Turnbull et al. (2005) and Anon. (2010).  
As in other countries farm animals’ welfare in Serbia is covered by the law, 
including fish as stress susceptible animals which can feel pain, suffering and fear (Anon, 
2009). Although commonly known principles of Good Manufacturing Practice (GMP) and 
Good Sanitation Practice (GSP) are applied on commercial farms there are no regulations 
which specify conditions for welfare protection of farmed fish. A comprehensive approach to 
fish welfare by observing environmental conditions, stress response, and some production and 
health parameters is one of research subjects in the Center for Fishery and Applied 
Hydrobiology (CEFAH) of the Faculty of Agriculture, University of Belgrade (Hristov et al., 
2009; Relić et al.; 2010a,b,c; 2011). 
The aim of this study was to assess the common carp overall welfare status after 
three month rearing in recirculation aquaculture system (RAS) by scoring values of the 
selected environmental, production and health parameters. 
 
MATERIALS AND METHODS    
 
The study was conducted during 96 days with 240 apparently healthy specimens of 
common carp (Cyprinus carpio) fingerlings with the initial weight of 6.43 ± 0.02 g. They 
were held in 120-litre tanks of the recirculating aquaculture system (RAS) with well water 
supplied, without water temperature regulation. Fingerlings were distributed in four groups in 
three replicate tanks, 40 fish per tank. According to the feed quantity applied (2, 3, 4, and 5% 
in relation to the ichthyomass) fish were distributed in 4 groups: I, II, III, and IV group 
respectively. The feed used was commercial extruded feed with 38% of proteins and 12% fat, 
produced by “VZ Subotica”, Serbia. 
For welfare assessment the following water quality, production and health 
parameters were used: temperature, dissolved oxygen (DO), pH, unionized ammonia (NH3-N) 
and organic matter content in the water; specific growth rate (SGR), Fulton’s condition factor 
(K), feed conversion ratio (FCR); skin injuries and survival rate.  
Water sampling and direct measures were conveyed in the morning (8 AM), before 
feed distribution. Water temperature, DO and pH were measured directly in tanks three times 
per week and by appropriate probe (MULTI 340i/SET, WTW, Germany). NH3-N levels were 
measured every two weeks colorimetrically by spectrophotometer (PhotoLab® 6100 VIS, 
WTW, Germany). Organic matters were determinated titrimetrically as permanganate 
(KMnO4) consumption by digestion in acid environment and titration with permanganate 
solution (Kubel-Tiemann) (Anon., 1985; Čoha, 1990). 
At the beginning of the study and after every 32 days body weight and length of all 
individuals were measured. Production parameters were calculated from the formulas:     
 
Specific growth rate (SGR) (% day−1) = 100 [ln (Wf) – ln (Wi)] / T 
 
where T is the period of the experiment, and Wf and Wi are final and initial weights, 
respectively. 
 
Fulton’s condition factor (K) = BW (body weight) x 100 / TL3 (fish lenght) 
 
Feed conversion ratio (FCR) = feed intake / weight gain 
  Fish mortality was observed daily. Number of fish with skin injuries and survival 
rate at the end of the experiment were calculated and expressed as percents: 
 
Survival rate (%) = (number of fish in each group remaining on day 96) x 100 / initial 
number of fish  
 
Injured fish (%) = (number of injured fish in each group on day 96) x 100 / number of 
fish remaining in each group on day 96 
 
 All data were analyzed by descriptive statistic. For further analysis for all except 
health parameters median values were used. To compare the medians of the groups and to 
determine the influence of different feed quantity Kruskal-Wallis non-parametric ANOVA 
and chi-square test were applied. To assess the groups according to their similarity Ward’s 
method of cluster analysis was applied and square Euclidean distance was determined. Results 
were compared with welfare scores. 
 To rank the groups according to their welfare score the “five levels” Likert scale was 
created. Possible ranges of values for a specific parameter are classified in categories. For 
production and health parameters five (points 1 to 5) and for water quality parameters six 
categories (point 0 to 5) were established. In general, for the most undesirable values of water 
parameters 0 point should be given. If the measured value of any parameter is optimal or even 
better then is usual in practice 5 should be given.  
Total score was divided by the number of parameters, and according to the value 
obtained welfare status was quantified from 1 to 5 and described as Not Acceptable (< 1.80), 
Acceptable (1.81 - 2.60), Good (2.61 - 3.40), Very Good (3.41 - 4.20) or Excellent (4.21 - 
5.00) (abbreviations: NA, A, G, VG, E, respectively).  
  
 
RESULTS AND DISCUSSIONS    
 
The results of environmental conditions and fish production monitoring (Tab. 1) were 
used for welfare assessment (Tab. 4).  
 Tab. 1  
Data on the water quality and production parameters in the groups during 96 days of the experiment 
and results of Kruskal-Wallis ANOVA 
 
Parameters Groups Statistical parameters
1
 
P-value2 
n x ̅ Me SEM Min Max cV (%) 
Temperature (°C) 
I 67 21.17 21.30 0.28 16.40 24.70 10.65 
0.692 II 67 21.41 21.20 0.25 16.30 24.70 9.48 III 67 21.58 21.50 0.25 16.60 24.80 9.38 
IV 67 21.59 21.50 0.25 16.40 24.70 9.58 
DO (mg/l) 
I 67 4.79 4.48 0.16 2.47 9.53 26.78 
0.001 II 67 4.87 4.46 0.18 2.02 9.00 30.27 III 67 4.12 3.96 0.15 0.93 8.32 29.09 
IV 67 4.11 3.77 0.15 1.12 8.06 30.12 
pH 
I 67 8.45 8.47 0.03 8.03 8.84 2.38 
<0.001 II 67 8.46 8.51 0.02 8.04 8.77 2.10 III 67 8.36 8.37 0.03 7.93 8.66 2.48 
IV 67 8.34 8.35 0.02 7.98 8.69 2.35 
NH3-N (mg/l) I 18 0.29 0.23 0.04 0.08 0.60 62.32 0.652 
II 18 0.36 0.33 0.05 0.04 0.99 61.90 
III 18 0.33 0.30 0.04 0.08 0.76 52.23 
IV 18 0.34 0.32 0.03 0.13 0.55 42.54 
KMnO4 consumption 
(mg/l) 
I 18 83.51 84.05 3.35 62.80 111.37 17.018 
0.736 II 18 80.83 80.89 4.63 47.73 122.46 24.292 III 18 85.27 87.22 4.69 62.80 133.64 23.312 
IV 18 85.97 82.19 2.68 72.22 109.90 13.239 
SGR (% day−1) 
I 9 1.02 1.02 0.03 0.85 1.12 7.39 
<0.001 II 9 1.53 1.52 0.03 1.40 1.65 5.02 III 9 1.91 1.92 0.03 1.75 2.01 4.41 
IV 9 2.24 2.27 0.04 1.96 2.36 5.23 
K 
I 476 1.71 1.71 0.01 1.14 2.71 11.47 
0.049 II 446 1.77 1.76 0.01 0.74 2.91 10.58 III 444 1.74 1.73 0.01 0.40 2.40 11.32 
IV 444 1.78 1.78 0.01 0.68 2.92 10.97 
FCR 
I 9 1.63 1.62 0.06 1.35 2.06 11.83 
0.542 II 9 1.65 1.54 0.11 1.33 2.32 19.17 III 9 1.57 1.48 0.07 1.37 2.01 13.62 
IV 9 1.76 1.54 0.18 1.44 3.16 31.19 
1
 n = sample size, number of data points; x ̅ = mean; Me = median; SEM = standard error of the mean; Min = 
minimum; Max = maximum; cv = coefficient of variation 
2 levels of significance Kruskal-Wallis ANOVA results (P < 0.05 = averages differs significantly)  
 
For welfare assessment health parameters (Tab. 2) were also used. 
 
Tab. 2  
Data on the health parameters in the groups at the end of the experiment and results of chi-square test 
 
Groups Survival rate Injured fish (%) chi-square P-value1 (%) chi-square P-value1 
I 96.67 
26.234 <0.001 
5.17 
11.453 0.009 II 81.67 14.3 III 72.50 5.75 
IV 78.33 17.02 
1 levels of significance chi-square test results (P < 0.05 = averages differs significantly)  
 
According to the data obtained different feed quantity has significantly influenced DO 
and pH level in the water, the SGR and K values as production parameters, and both health 
parameters (survival rate and percent of fish with body injuries). These parameters were 
included at the first place in the scoring list and the rest of the parameters were added 
according to their relevance and influence on fish, which are described by EFSA (2008a,b).  
Among data of all ten parameters NH3-N and DO levels, KMnO4 consumption and 
FCR (respectively) showed the greatest inhomogeneity, which is noticeable from their 
minimum and maximum values, as well as their high coefficients of variation. Considering 
potentially harmful effects of the frequent changes of water properties variations have to be 
included in the welfare assessment (EFSA, 2008b). 
Table 1 shows that mean and median value slightly differ, especially if value of the 
coefficient of variation is low. Calculation of medians gives a measure that is more robust in 
the presence of outlier values than is the mean. This was the reason to use median values for 
assessment in this study instead of means.   
To rank all four groups according to data from tables 1 and 2 cluster analysis was 
used. Figure 1 shows the greatest similarity and the closest relation among groups II and IV, 
and the greatest difference between groups I and III. According to its data character the third 
group is closer to II and IV group than to I group.  
Fig. 1  
Dendrogram of similarity among the groups according to of observed welfare parameters   
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The Squared Euclidean distances shown in table 3 confirm the assertion above. 
 
Tab. 3 
Squared Euclidean distances between groups 
 
Squared Euclidean distances 
Groups  II III IV 
I 319 596 482 
II  198 21 
III   187 
 
In conception of the scale for fish welfare assessment in this study the general 
principles of the OWA - Overall Welfare Assessment and Likert – scale scoring method 
(Bracke et al., 1999; Vagias, 2006) were used. Considering importance of the water as fish 
environment and its effects on fish health special attention was given to the evaluation of 
water quality parameters. In the categories definition at the first place the reference values 
were used i.e. results of studies that were carried out on carp fingerlings in RAS and data on 
general needs  for this species in (Bauer and Schlott, 2006; Brylińska, 1991; EFSA, 2008b; 
Flajšhans and Hulata, 2007; Heydarnejad, 2012; Marković and Mitrović-Tutundžić, 2003; 
Pillay and Kutty,  2005; Poli, 2009; Schreckenbach, 2002; Svobodová et al., 1993; Szumiec, 
1984). In case of insufficient data for determining the boundaries of the category, data from 
this study were used.     
Tab. 4 
The welfare score   
 
PARAMETERS CATEGORIES 
PO
IN
TS
 
GROUPS 
I II III IV 
  
  
Temperature (°C) 
  
  
  
22.00 – 25.99 5         
20.0 - 21.99 or 26.00 – 27.99 4 4  4  4  4  
18.00 – 19.99 3         
16.0 - 17.99 or 28.00 - 30.00 2         
13.00 - 15.99   1         
< 13.00 or > 30.00 0        
  
  
≥  6.00 5         
5.00 – 5.99 4         
DO  
(mg/l) 
  
  
4.00 – 4.99 3 3  3      
3.00 – 3.99 2     2  2  
2.00 – 2.99 1         
< 2.00 0           
  
  
pH  
  
  
  
7.50 – 8.00 5         
7.10 - 7.50 or 8.10 - 8.50 4 4   4  4  
8.51 – 9.00 3   3      
6.51 – 7.00 2         
6.00 – 6.50 or 9.00 – 9.50 1         
< 6.00 or > 9.50 0         
  
  
NH3-N  
(mg/l) 
< 0.05 5         
0.05 – 0.10 4         
 0.11 – 0.15 3         
0.16 – 0.20 2        
0.21 – 0.25 1  1      
> 0.25 0   0  0  0  
  
  
  
KMnO4 consumption 
 (mg/l) 
  
< 50 5         
50.00 – 59.99 4         
60.00 – 69.99 3         
70.00 – 84.99 2 2  2   2  
85.00 – 99.00 1     1    
≥ 100 0         
  
  
SGR  
(%/d)  
> 3.00 5         
2.00 – 3.00 4       4  
1.00 – 1.99 3 3  3  3    
0.50 – 1.00 2         
< 0.50 1         
  
  
K 
  
  
≥ 1.80 5         
1.60 – 1.79 4 4  4  4  4  
1.40 – 1.59 3         
1.20 – 1.39 2         
< 1.20 1           
  
  
FCR  
  
  
< 1.40 5     
1.40 – 1.59 4   4  4  4  
1.60 – 1.79 3 3        
1.80 – 1.99 2         
≥ 2.00 1        
  
  
Survival rate  
(%) 
  
  
> 99.00 5         
95.00 – 99.00 4 4        
90.00 – 94.99 3        
80.00 – 89.99 2    2   
< 80.00 1      1  1 
  
  
Injured fish  
(%) 
  
  
< 5 5         
5 – 9.99 4 4    4    
10 – 19.99 3   3    3  
20 – 29.99 2   
  
    
≥ 30 1      
Total score* 2.80 2.40 2.30 2.40 
Description* G A A A 
*Not Acceptable, NA (< 1.80), Acceptable, A (1.81 - 2.60), Good, G (2.61 - 3.40), Very Good,  
  VG (3.41 - 4.20), Excellent, E (4.21 - 5.00) 
 
As is shown in table 4 the best rank had group I and the overall welfare status in this 
group after 96 days is described as “good”. The next three groups had a lower rank, groups II 
and IV with the same score and group III the lowest score. Welfare status in these groups is 
described as “acceptable”. The results are consistent with results of the cluster analysis which 
indicates that categories are correctly formed relative to the data from this study. However, 
more RAS studies’ results and more parameters inclusion is needed to approve correctness of 
the categories definition.  
Scores in the table 4 could be interpreted in a useful practical manner for breeders. In 
respect to this it could be concluded that the same values in all groups (grade 4, for 
temperature and K) point at relatively consistent water temperature in optimal range and very 
good body condition of fish. Furthermore DO levels were not as high as recommended, 
especially in the groups fed with higher feed quantity (groups III and IV). pH levels were in 
optimal range but could be corrected especially in the group II and kept in narrower limits. 
Unionized ammonia levels exceed the recommended limits and attention should be paid on 
the quality of the inflow water, capacity and functioning of filters system in the RAS, and 
feeding and cleaning procedures. This is confirmed by grades of permanganate’ consumption 
which point at indicate organic matters deposits from feed and feces in the tanks. It means that 
feed quantity should be reduced, the duration of such experiment should be shorter or more 
frequent cleaning of the system is required.  
Grades for the percent of injured fish show that handling during experiment was 
conveyed carefully. Grades for specific growth rate, condition factor and feed conversion 
ratio (SGR, K and FCR) indicate satisfactory production results, which are slightly lower in 
the group I fed with 2% of feed. However, fish in this group were best adapted to the 
suboptimal rearing conditions, as shown by the high survival rate. This is in accordance with 
statements by Damsgard et al. (2004) that starvation could reduce the mortality rate. Survival 
rate in the better productive groups III and IV was obviously lower, indicating again that in 
such extended period and stocking density feed quantity should be reduced and the cleaning 
regime adjusted.   
Finally, from table 4 it could be observed that water quality in general was not 
satisfactory. However, carps fingerlings can survive and grow even in such conditions. 
Considering the fact that literature on carp rearing in RAS is limited, any new data can be 
useful in practice.      
 
CONCLUSION 
 
Maintaining a good water quality is of primary importance in any type of aquaculture 
system, especially in system with water reuse as RAS. Monitoring of the water quality 
parameters is required in aquaculture, as well as in welfare assessment methodologies.   
Method for on-farm welfare assessment has to be simple and easy for practical 
application. Quantification of the rearing conditions by welfare score can help farmers to 
decide if something has to be changed in rearing technology.  
Although providing useful information the suggested method can be improved and 
adjusted to other than carp fingerlings categories and other types of rearing system than RAS.     
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